Introduction Insulin resistance is one of the most common features of polycystic ovary syndrome, and some studies suggest that vitamin D deficiency may have role in insulin resistance. Objective To study the effect of vitamin D supplementation on the clinical, hormonal and metabolic profile of the PCOS women. Study Design Randomized, placebo-controlled, interventional, double-blind study. Materials and Methods PCOS women were evaluated and enrolled after considering inclusion and exclusion criteria. They were randomized by block randomization with sealed envelope system done in two groups. In the study group (n = 25), patients were supplemented with vitamin D 60,000 IU weekly for 12 weeks, whereas control group (n = 25) was given placebo weekly for the same period. Both the groups were compared pre-and post-supplementation for variables like clinical profile, biochemical profile and metabolic profile. Statistical analysis was performed by the SPSS program for Windows, version 10.1 (SPSS, Chicago, IL). 
Result In the study (n = 50), PCOS patients were enrolled; 34 patients (68%) were vitamin D deficient (B20 ng/ml) out of which 10 patients (29%) were severely deficient (\10 ng/ ml). Twelve patients (24%) were vitamin D insufficient showing high prevalence of vitamin D deficiency in the PCOS women. The difference in mean serum fasting glucose pre-and post-supplementation of vitamin D in study group was found to be statistically significant with p value of 0.041. There was significant difference seen in insulin resistance (IR) (2.38 ± 4.88-1.00 ± 0.58, p = 0.003), serum fasting insulin (10.34 ± 20.00-5.00 ± 3.25, p = 0.021), and increase in insulin sensitivity determined by QUICKI (0.37 ± 0.04-0.394 ± 0.009, p = 0.001) after supplementation with vitamin D. Conclusion The study concluded that there was a beneficial effect of vitamin D supplementation on ovulatory dysfunctions and blood pressure. Post-supplementation, there were decrease in insulin resistance and increase in insulin sensi
Introduction
Polycystic ovary syndrome is a common endocrine disorder among reproductive aged women. Women with PCOS are at increased risk of insulin resistance, inflammation, obesity, type 2 diabetes and cardiovascular diseases, and all of these diseases states have been linked with vitamin D insufficiency [1] .
Vitamin D insufficiency may contribute to the pathogenesis of PCOS by promoting insulin resistance, which increases the risk of T2DM and cardiovascular diseases. Several PCOS studies demonstrate that serum 25-hydroxyvitamin D concentration is negatively correlated with body mass index, body fat and insulin resistance [2, 3] . Additionally, vitamin D insufficiency-induced alteration in intracellular calcium may contribute to ovulatory dysfunction and reproductive abnormalities in PCOS.
The primary aim of the study was to determine the effects of vitamin D supplementation on the clinical, hormonal and metabolic profile of PCOS women.
Materials and Methods
The randomized controlled interventional double-blind study was conducted in the Department of Obstetrics and Gynaecology, ESI PGIMSR, Delhi, from September 2014 to September 2016. Women aged 18-45 years, diagnosed with PCOS as per Rotterdam criteria, were eligible. PCOS was diagnosed as per Rotterdam criteria, having two of the following three features: (a) oligo or anovulation (oligomenorrhea/infertility), (b) clinical and/or biochemical signs of hyperandrogenism (hirsutism/acne/alopecia) and (c) polycystic ovaries on ultrasound examination (defined as the presence of C12 follicles measuring 2-9 mm in diameter and/or ovarian volume C10 cm). Women were excluded if they were pregnant or taking vitamin D or calcium supplements or if they had diabetes, uncontrolled hypertension, untreated hypothyroidism or hyperthyroidism, liver disease, osteopenia, osteomalacia, renal disease or cardiovascular disease. Women on medication known to affect metabolic parameters such as metformin and corticosteroid drugs were excluded from studies. Women having Cushing syndrome, congenital adrenal hyperplasia, hyperprolactinemia and an androgensecreting tumor were also excluded from studies. Participants were advised to maintain their usual diet and lifestyle habits, including sun exposure, physical activity and dietary intake of vitamin D and calcium. Written informed consent was obtained from all participants. Institutional ethical clearance was obtained before the start of study.
Sample Size Calculation
Vitamin D supplementation and its effects on polycystic ovary syndrome were observed by few studies. Study conducted by Khan et al. [4] observed significant difference in i-PTH before and after treatment in vitamin D group with mean difference as -24.28 and 95% CI (-39.80, -8.76) having p values (.004) and in the placebo group with the mean difference as -16.45 and 95% CI (-31.40, -1.49) having p value (.03). Taking these values as reference, the minimum required sample size with 90% power of study and 5% level of significance was 11 per group. To lower margin of error, sample size taken was 25 per group and total sample size was 50.
Formula used was comparison of independent means:
where Z a is the value of Z at two-sided alpha error 5% and Z b is the value of Z at power of 90%.
Study Design
This was a 12-week randomized, The clinical profile and biochemical parameters were measured before and after supplementation to assess the change from baseline. Based on 25(OH) D levels comparison done pre-and post-supplementation of vitamin D, vitamin D status would be classified as: Value above 30 ng/ml considered as vitamin D sufficient, value between 20 and 30 ng/ml considered as vitamin D insufficient, value between 10 and 20 ng/ml considered as vitamin D deficient, and value below 10 ng/ml considered as severely vitamin D deficient.
Statistical analysis was performed by the SPSS program for Windows, version 10.1 (SPSS, Chicago, IL). Continuous variables were presented as mean ± SD, and categorical variables were presented as absolute numbers and percentage. Data were checked for normality before statistical analysis. Normally distributed continuous variables were compared using the unpaired t test, whereas the Mann-Whitney U test was used for those variables that were not normally distributed. For within the group comparisons from pre-post, paired t test or Wilcoxon signed-rank test was used. Categorical variables were analyzed using either the Chi-square test or Fisher's exact test. p \ 0.05 was considered statistically significant.
Result
Fifty PCOS women were randomized to vitamin D or placebo once weekly for 12 weeks. Both the groups were similar in age and BMI. The mean age was 26.04 ± 2.73 and 26.64 ± 3.73 years in the study and control groups, respectively. The mean BMI was 24.93 ± 2.81 and 25.55 ± 1.98 kg/m 2 in the vitamin D and placebo group, respectively.
The majority of the subjects were vitamin D deficient at the baseline. In the study 92% of the enrolled PCOS patients were found to have vitamin D level less than 30 ng/ml. Thirty-four patients (68%) were vitamin D deficient (B20 ng/ml) out of which 10 patients (29%) were severely deficient (\10 ng/ml). Twelve patients were vitamin D insufficient (24%) (20-30 ng/ml), showing high prevalence of vitamin D deficiency in the PCOS women.
We found improvement in the menstrual irregularities after supplementation of vitamin D. In study group, before supplementation 20% of the patients had normal regular menstrual cycle which was found to be increased to 48% after supplementation with vitamin D. One patient in study group conceived with supplementation of vitamin D. Although 48% of patients after vitamin D supplementation resumed normal menstrual cycles, low conception rate could be because of short duration of study or because of other causes of infertility. There was 40% reduction in the number of antral follicles count in the ovaries after vitamin D supplementation (Fig. 1) . We found no difference in waist-hip ratio (WHR) with vitamin D supplementation in study group. We had observed protective effect of vitamin D on systolic blood pressure in women with PCOS.
We have not found significant difference in the hormonal profile of the vitamin D-supplemented group (Table 1) . In this study no changes were observed in the serum cholesterol and triglyceride after supplementation with vitamin D. However, we had found significant change We had found significant reduction in the fasting blood sugar levels of PCOS women in study group (88.24 ± 9.25-82.36 ± 8.03, p = 0.041) after supplementation of vitamin D, and no significant change was seen in the placebo group (Table 2 ).
In the study group there was significant difference seen in the value of IR (2.38 ± 4.88-1.00 ± 0.58, p = 0.003), QUICKI (0.37 ± 0.04-0.394 ± 0.009, p = 0.001) and serum fasting insulin (10.34 ± 20.00-5.00 ± 3.25, p = 0.021). We found positive correlation between vitamin D levels and insulin sensitivity and negative correlation between vitamin D and insulin resistance and serum fasting insulin levels (Figs. 2, 3 ).
Discussion
Polycystic cystic ovary syndrome is a common endocrine disorder among women in their reproductive years, and it is associated with metabolic abnormalities.
The majority of the subjects were vitamin D deficient at the baseline. Change in the serum calcium level in the study group after supplementation with vitamin D is via its role in extracellular calcium regulation and normal calcium influx across cell membranes.
Li et al. [5] demonstrated that vitamin D deficiency is highly prevalent in women with PCOS in Scotland and their study supported the evidence that vitamin D deficiency is associated with multiple metabolic risk factors in PCOS women. Similar finding was observed in our study where 92% of enrolled patients were vitamin D insufficient.
Ardabili et al. [6] conducted a randomized, placebocontrolled, double-blind trial with 50 women with PCOS, assigned to receive 3 oral treatments consisting of 50,000 IU of vitamin D 3 or a placebo (1 every 20 days) for 2 months. The fasting blood glucose, insulin, 25-hydroxyvitamin D and parathyroid hormone levels, as well as the homeostasis model assessment (HOMA) of insulin resistance and quantitative insulin sensitivity check index (QUICKI), were measured at baseline and after treatment. In the vitamin D group, the serum level of 25-hydroxyvitamin D increased (6.9 ± 2.8-23.4 ± 6.1 ng/mL, p \ 0.0001), and the parathyroid hormone level decreased (70.02 ± 43.04-50.33 ± 21.99 l IU/mL, p = 0.02). They found no significant effect of vitamin D on the BMI of PCOS of patients similar to our study.
In our study 54% of the enrolled patients had normal BMI and 46% were overweight. Obesity is a well-recognized risk factor for vitamin D deficiency. Wehr et al. [2] and Yildizahan et al. [3] found an inverse correlation between BMI and serum 25(OH)D concentration in PCOS women. In obese, higher proportion of vitamin D which is fat soluble is sequestered in adipose tissues; hence, bioavailability of vitamin D is lowered [7] . Wehr et al. [8] also had not found any change in waisthip circumference after supplementation of vitamin D. We also found no difference in waist-hip ratio (WHR) and BMI with vitamin D supplementation in the study group.
Vitamin D insufficiency is a modifiable risk factor for atherogenesis and hypertensive disorder [9] . As little as 2 mmHg decrease in SBP has been suggested to reduce CVD-related morbidity and morbidity by almost 6% and all cause mortality by 3% [10] . A lowering in SBP was previously described with 800 IU of vitamin D and Ca in a cohort of elderly women similar to our study.
Rashidi et al. [11] investigated the effect of calcium (1000 mg) and vitamin D (400 IU) and metformin (1500 mg) in regulating menstrual cycle in 60 infertile women with the PCOS. The patients were treated for 3 months. The number of dominant follicles [14 mm during 2-3 months of follow-up was higher in calcium vitamin D and metformin group, though no significant difference was seen in rates of pregnancy and menstrual irregularity. Similarly, in our study there was significant reduction in number of antral follicles after vitamin D supplementation.
Wehr et al. [8] supplemented 46 PCOS women with 20,000 IU cholecalciferol weekly for 24 weeks found that 23 women out of 46 women improved menstrual frequency and 4 out of 16 seeking pregnancy conceived.
We found improvement in the menstrual irregularities after supplementation of vitamin D. In study group before supplementation 20% of the patients had normal regular menstrual cycle which increased to 48% after supplementation with vitamin D. One patient in study group conceived with supplementation of vitamin D. Low conception rate may be because of short duration of study or because of other cause of infertility.
Kotsa et al. [12] demonstrated that vitamin D supplementation had beneficial effect on insulin discharge and serum lipids in patients with PCOS, and our results also showed significant increase in HDLC.
In this study no changes were observed in the serum cholesterol and triglyceride after supplementation with vitamin D. However, we have found significant change in the HDLC values in the vitamin D-supplemented group (18.56 ± 9.68-44.90 ± 9.04, p = 0.035).
Vitamin D insufficiency induces elevations in PTH, which can adversely affect glucose metabolism. As expected PTH level decreased within the vitamin D supplementation. In our study we have found decrease in the levels of PTH with vitamin D supplementation in study group, while no difference was seen in control group.
Muscogiuri et al. [13] carried a study in 23 obese and lean PCOS women, and IR was evaluated using hyperinsulinemic-euglycemic clamp method, which is gold standard for determining IR. They found positive correlation between serum 25 OHD levels and glucose uptake. Comparison of Quicki before and after between Study and Control group Fig. 3 Comparison of serum insulin sensitivity in study and control group before and after supplementation Selimoglu et al. [14] did a small uncontrolled interventional trial in obese women with PCOS (n = 11) which demonstrated a significant decrease in insulin resistance (HOMA-IR; 4.41-3.67) 3 weeks after a single dose of vitamin D (300,000 IU). The single dose significantly increased 25 OHD levels from 16.9 to 37.1 ng/ml, and only two women had level lower than 25 ng/ml.
Wehr et al. [15] did pilot study in which 46 women with PCOS who had received 20,000 IU cholecalciferol weekly for 24 weeks demonstrated an increase in 25 OHD levels (28-51.3 ng/ml at 12 weeks and 52.4 ng.ml at 24 weeks). He found significant decrease in fasting insulin, and stimulated insulin HOMA levels were unchanged.
Wehr et al. [2] carried a study in which 206 PCOS women were stratified by hypovitaminosis D (\75 nmol/l, n = 150) and vitamin D sufficiency ([75 nmol/l, n = 56). They reported that the hypovitaminosis D group had a significantly higher HOMA-IR than the vitamin D sufficient group. There was inverse correlation with HOMA-IR and BMI, and there was positive correlation with HDL level.
The potential mechanism by which vitamin D can affect glucose metabolism could be the result of direct and indirect actions of serum 25 OHD: (1) direct stimulation of insulin release through the expression of VDR as well as the enzymes 1a-OHase in the pancreatic b-cells; (2) through the binding of 1,25(OH)2D-VDR complex to the vitamin D response element of the INSR at the tissue level and thereby enhancing insulin responsiveness for glucose transport; and (3) suppression of the release of pro-inflammatory cytokines that are believed to mediate IR [16] . Vitamin D plays indirect role through its influence on the extracellular and intracellular calcium regulation which is essential for the mediation of glucose transport in the target tissues.
In our study we found positive correlation between vitamin D levels and insulin sensitivity and negative correlation between vitamin D and insulin resistance and serum fasting insulin levels.
In this study we had found higher IR with mean of 2.41 ± 4.87 in study group with hypovitaminosis D with mean of vitamin D 18.56 ± 9.68 pre-supplementation. Significant improvement was seen in IR (1.00 ± 0.58, p = 0.003) with vitamin D supplementation in study group. Our study also showed positive association of vitamin D with insulin sensitivity (QUICKI).
The strength of this study was that it was a double-blind, randomized controlled study and most of the patients were vitamin D deficient. The relatively short duration and small sample size could be the limiting factor. Vitamin D supplementation could be an element in the complex treatment of PCOS patients presenting with obesity and hypovitaminosis D, to prevent other serious health consequences.
Conclusion
We found that PCOS patients presented with menstrual irregularities, increased AFC, hyperandrogenism and had metabolic risk factors like insulin resistance and low HDLC levels, independent of obesity. Vitamin D supplementation has a protective effect on systolic blood pressure. It had no beneficial effect on hormonal profile of the PCOS patients. In women with PCOS, insulin sensitivity increased, whereas the insulin resistance and fasting glucose decreased with vitamin D supplementation. Our study concluded that there is beneficial effect of vitamin D supplementation on ovulatory dysfunctions and insulin resistance. Large randomized controlled trials are needed to better understand the effect of vitamin D supplementation in women with PCOS.
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